Among other factors, fetal growth requires maternal supply of cholesterol. Cellular cholesterol uptake is mainly mediated by the LDL receptor (LDL-R) and the scavenger receptor family. We hypothesized that expression levels of key receptors of these families were regulated differently in placentas from IUGR pregnancies with varying degrees of severity. Third-trimester placentas from IUGR pregnancies with (IUGR-S) and without (IUGR-M) fetal hemodynamic changes and from control (AGA) pregnancies were studied. LDL-R, LDL-Rrelated protein (LRP-1), and scavenger receptor class B type I (SR-BI) mRNA and protein levels were measured. Cholesterol concentration and composition of lipoproteins were analyzed enzymatically and by lipid electrophoresis, respectively, in maternal and umbilical cord blood. LDL-R mRNA levels in IUGR-M were similar to AGA but lower (P Ͻ 0.05) in IUGR-S. In contrast, LDL-R protein was twofold (IUGR-M) and 1.8-fold (IUGR-S) higher (P Ͻ 0.05) than in the AGA group. LRP-1 mRNA and protein levels were not altered in the IUGR cases. SR-BI mRNA was unchanged in IUGR, but protein levels were lower (P Ͻ 0.05) in IUGR-S than in the other groups. Maternal plasma concentrations of LDL cholesterol were higher (P Ͻ 0.05) in the AGA group (188.5 Ϯ 23.6 mg/dl) than in the IUGR-S group (154.2 Ϯ 26.1). Electrophoretic mobility of the LDL fraction in maternal plasma demonstrated significant changes in migration toward higher values (AGA 0.95 Ϯ 0.06, IUGR-M 1.12 Ϯ 0.11, P Ͻ 0.001; IUGR-S 1.28 Ϯ 0.20, P ϭ 0.002). We conclude that LDL-R and SR-BI levels are altered in IUGR pregnancies. These differences were associated with changes in LDL, but not HDL, mobility and cholesterol concentration in maternal circulation. pregnancy; placenta; lipids; fetal growth CHOLESTEROL HAS MULTIPLE BIOLOGICAL ROLES that include its functioning as a structural membrane component, precursor for steroid synthesis, and activator of various cellular processes (42). Extensive steroid hormone synthesis in the placenta and the rapid growth and development of the fetus make pregnancy a condition of high cholesterol demand in the feto-placental unit (23). In humans, both placental tissue (39) and fetal organs (5) have the capacity for de novo cholesterol synthesis. However, the high cholesterol demand in the fetal tissues may not be fully satisfied by endogenous means. A significantly higher cholesterol concentration in the umbilical vein compared with the arteries (33) suggests transfer from maternal or placental sources to the fetus. In the third trimester of gestation, maternally-derived cholesterol reportedly contributes ϳ22-40% to the fetal cholesterol pool (14, 24). However, this remains controversial (25). The molecular mechanisms accounting for the uptake of maternal cholesterol into the placenta, mainly as lipoprotein-associated cholesterol (42), and for subsequent transfer, if any, into the fetal circulation, are as yet poorly understood.
CHOLESTEROL HAS MULTIPLE BIOLOGICAL ROLES that include its functioning as a structural membrane component, precursor for steroid synthesis, and activator of various cellular processes (42) . Extensive steroid hormone synthesis in the placenta and the rapid growth and development of the fetus make pregnancy a condition of high cholesterol demand in the feto-placental unit (23) . In humans, both placental tissue (39) and fetal organs (5) have the capacity for de novo cholesterol synthesis. However, the high cholesterol demand in the fetal tissues may not be fully satisfied by endogenous means. A significantly higher cholesterol concentration in the umbilical vein compared with the arteries (33) suggests transfer from maternal or placental sources to the fetus. In the third trimester of gestation, maternally-derived cholesterol reportedly contributes ϳ22-40% to the fetal cholesterol pool (14, 24) . However, this remains controversial (25) . The molecular mechanisms accounting for the uptake of maternal cholesterol into the placenta, mainly as lipoprotein-associated cholesterol (42) , and for subsequent transfer, if any, into the fetal circulation, are as yet poorly understood.
Cellular uptake of maternal low-density lipoprotein (LDL), high-density lipoprotein (HDL), and very low-density lipoprotein (VLDL) is mainly mediated by two receptor families, LDL receptor (LDL-R) and the scavenger receptor family. In the human placenta, binding sites for LDL (16) , VLDL, (41) and HDL (1) have been identified on the microvillous membrane of the syncytiotrophoblast. LDL-R-related protein (LRP-1) is a multiligand cell-surface receptor expressed in trophoblast during gestation (8) that binds apolipoprotein E-containing particles (4), such as VLDL. Because of the profound increase in circulating maternal VLDL with advanced gestation (40) , syncytiotrophoblast LRP-1 may play a role in acquiring cholesterol for metabolic needs of both placenta and fetus (11, 36) .
Scavenger receptors bind modified LDL as well as HDL (27) . Recently, a developmental change in placental expression of the scavenger receptor class B type I (SR-BI), a high-affinity receptor for HDL, has been described with decreasing protein expression from the first to the third trimester (38) .
Intrauterine growth restriction (IUGR) is a condition often associated with a decreased supply of nutrients and/or oxygen to the growing conceptus. Due to placental failure, an adequate provision of the fetus with oxygen and nutrients may result (21) . Alterations in expression levels of placental lipoprotein receptors could be associated with changes in their uptake or efflux functions and might contribute to altered lipid levels in the fetal circulation in pregnancies characterized by IUGR, hence, contributing to poor fetal growth (6) .
We hypothesized that the expression levels of lipoprotein receptors involved in cholesterol uptake and metabolism may be downregulated in placentas from IUGR pregnancies. Furthermore, the degree of downregulation might correlate with the severity of the pathology. Lipoprotein particles are heterogeneous in size, density, electric charge, and chemical com-position. These heterogeneities, which are due to environmental factors, such as the fatty acid content of the diet (22) , may also modulate fetal development. Therefore, in this study we investigated placental expression of receptors for the major lipoproteins involved in cholesterol uptake as well as maternal and fetal lipoprotein composition in IUGR pregnancies. We have related the observed changes to the severity of the pathology as represented by hemodynamic changes in the IUGR fetuses.
SUBJECTS AND METHODS

Subjects.
Placental and blood samples were obtained from IUGR and appropriate-for-gestational-age (AGA) pregnancies. Gestational age was calculated from the last menstrual period and confirmed by an ultrasonographic examination performed before 20 wk of gestation. Babies with morphological malformations at birth and/or chromosomal abnormalities were excluded from the study. Mothers were excluded if they had obstetrical complications (hypertension, diabetes mellitus, or gestational diabetes) or factors predisposing to IUGR. Control pregnancies (AGA) were women who gave birth to healthyterm neonates with a birth weight between the 10th and 90th percentile according to Italian standards for birth weight and gestational age (19) .
IUGR was defined on the basis of ultrasound measurements of the abdominal circumference with values below the 10th percentile of reference values, together with a percentile reduction Ͼ40% compared with the previous measurement of abdominal circumference and birth weight below the 10th percentile according to Italian standards for birth weight and gestational age (19) . Intrauterine growth-restricted fetuses were divided into two groups according to Doppler velocimetry of the umbilical artery: IUGR-M was composed of fetuses with normal pulsatility index (PI); IUGR-S had abnormal PI (20) . All women delivered by elective caesarean section.
At delivery placentas were trimmed free of membranes, and three pieces were excised such that they contained tissue from both the fetal and maternal side. After being washed in physiological saline containing EDTA to eliminate excess blood, they were stored at Ϫ80°C within 30 min.
Informed consent was obtained from the patients, and the ethics committee of the Medical Faculty, University of Milan, granted ethical approval.
Blood samples. Blood samples were collected at the time of delivery from a maternal brachial vein after a 12-h overnight fast as well as from umbilical artery and vein in tubes containing 1.0 mg/ml Na 2EDTA. Plasma was harvested by immediate centrifugation (4,000 rpm) in a bench centrifuge at 4°C for 10 min and stored at Ϫ80°C until electrophoretic analysis. Aliquots of plasma were used immediately for measurements of plasma LDL-(LDL-C) and HDL-cholesterol (HDL-C) concentration using commercially available enzymatic reagents for quantitative cholesterol determination (Wako Chemicals, Neuss, Germany).
Materials. Primers for LDL-R, LRP-1, and the ribosomal protein L30 were selected using the software Primer 3 that is available online at http://www-genome.wi.mit.edu. For LDL-R, they were forward primer (F): 5Ј-TGG CAT CAC CCT AGA TCT CC-3Ј, reverse primer (R): 5Ј-GGT GGT CCT CTC ACA CCA GT-3Ј, amplifying a 323-bp fragment; for LRP-1, they were F: 5Ј-ACC TGC CAG ATC CAG AGC TA-3Ј'27Ј, R: 5Ј-CTC TGG CTG AGG TGG AAG TC-3Ј, amplifying a 270-bp fragment; for SR-BI, they were F: 5Ј-AAA TCC GGA GCC AAG TAG GT-3Ј, R: 5Ј-CCA GAA CAG GCA GAG TAG TGG-3Ј, amplifying a 231-bp fragment; for L30, they were F: 5Ј-CCT AAG GCA GGA AGA TGG TG-3Ј, R: 5Ј-CAG TCT GTT CTG GCA TGC TT-3Ј, amplifying a 351-bp fragment.
In a microarray analysis (Affymetrix U133A) of isolated firsttrimester and term trophoblasts and placental endothelial cells (12) , the ribosomal protein L30 was most stably expressed among various housekeeping genes and, hence, was used here in RT-PCR. All primer pairs were chosen to span exons to avoid amplification of traces of potentially contaminating DNA.
Rabbit antiserum against a synthetic peptide, corresponding to the linker region between the ligand binding repeats 4 and 5 of the human LDL-R (CRGLYVFQGDSSPC), was used. CRGLYVFQGDSSP and RGLYVFQGDSSPC were coupled to keyhole limpet hemocyanin via the respective cysteines, and a 1:1 mixture (250 g of each peptide) was injected three times on days 0, 21, and 35. The antiserum was obtained on day 42. The LRP-1 antiserum was raised in rabbits against an intracellular peptide of LRP-1 (amino acid 4532 to 4544). Antibodies for SR-BI (rabbit, polyclonal) and ␤-actin (mouse, monoclonal) were purchased from Abcam (Novus Biologicals, Cambridge, UK). The secondary antibody used for SR-BI and ␤-actin detection, respectively, was goat anti-rabbit or anti-mouse HRP conjugate (BioRad, Hercules, CA).
RNA extraction and one-step RT-PCR. After extraction [carried out with the phenol and guanidine thiocyanate method (7)] and quantification, 500 ng of total RNA were reverse transcribed, and the gene-specific cDNA was amplified in the same reaction using the One-Step RT-PCR kit (Qiagen, Vienna, Austria). PCR products were separated on a 3% agarose gel, and the resulting bands were scanned for optical density using the Alpha EaseFC software (AlphaInnotech, version 3.2.3). Since different amplification conditions had to be applied for targets (LDL-R and LRP-1) and housekeeping gene (L30), reactions were performed in separate tubes. After reverse transcription at 50°C for 30 min and hot-start Taq polymerase activation at 95°C for 15 min, the cycle parameters were as follows: LDL-R: 29 cycles of amplification at 94°C for 30 s, 58°C for 60 s, and 72°C for 60 s; (15) were loaded onto and separated on either 10 (LDL-R, LRP-1) or 4 -12% (SR-BI) PAGE Precast Duramide gels (Cambrex Biosciences Rockland, Rockland, ME) under reducing conditions. They were subsequently transferred to a nitrocellulose membrane (Amersham Biosciences, Little Chalfont, UK) by blotting for 1.5 h at a constant voltage of 25 V. The nitrocellulose filters were incubated overnight with the primary antibody, washed, and incubated with the secondary peroxidase-labeled IgG for 1.5 h. Proteins were detected on autoradiography film using an enhanced chemiluminescence detection kit (Amersham Biosciences). After treatment with Restore Western blot stripping buffer (Pierce), filters were reincubated with ␤-actin antibody to correct for loading. The bands on the films were densitometrically scanned as described above.
Lipoprotein electrophoresis. Electrophoretic mobility was determined on 0.5% agarose gels, as described by Sparks and Phillips (32) . Samples (6 l) loaded onto the gel were electrophoresed at 25 mA for 90 min using a 0.06-M barbital buffer (pH 8.6; Merck). The gels were then fixed in 0.5% 5-sulfosalicylic acid dihydrate solution (Roth) for 30 min and washed for 10 min in distilled water. They were dried overnight at room temperature and stained with 1% Sudan Black B (Fluka) in 60% ethanol (Merck). Migration distance was measured from the loading point to the front of the stained band. Relative electrophoretic mobility (Rf) was calculated as the ratio of migration distance of ␣-or ␤-band relative to 5 l of control LDL (0.7 mg protein/ml) or HDL3 (1.0 mg protein/ml) both isolated by sequential ultracentrifugation (31) from an age-matched healthy human pregnant female donor.
Data analysis. An AGA "control sample" was included in each RT-PCR and Western blot experiment to make possible the comparison of results obtained on different gels and blots. It represents an internal standard prepared from a pool of three fresh AGA term placentas. The coefficient of variation between the intensities of bands obtained by PCR and immunoblotting for the internal standard was 21 and 28%, 17 and 18%, and 12 and 16% for LDL-R, LRP, and SR-BI, respectively. In RT-PCR experiments the expression values for each sample were calculated as the ratio between LDL-R, LRP-1, or SR-BI and L30 intensity of the band normalized to the same ratio of the AGA control sample. Similarly, the amount of LDL-R, LRP-1, and SR-BI protein from Western blot experiments was normalized to the ␤-actin level for each sample and then normalized to the AGA control sample.
All statistical analyses were performed using the SigmaStat for Windows (version 2.03) statistical software package (Access Softek, San Rafael, CA). After testing for normal distribution, ANOVA between the groups and Tukey's post hoc test were used. Linear correlation analyses (Pearson product moment correlation) were used to test for association between maternal, fetal, and all lipoprotein variables as well as for testing of gestational age-dependent changes in mRNA and protein levels. Significances were accepted with P Ͻ 0.05. Unless stated otherwise, data are presented as means Ϯ SD.
RESULTS
Characteristics of the study subjects. Table 1 summarizes demographic and obstetrical characteristics of subjects with normally grown and growth-restricted fetuses. As expected, IUGR pregnancies had significantly lower fetal and placental weights than AGA; IUGR-S fetuses had lower fetal ponderal indexes (Table 1) . No significant differences were observed between IUGR-M and IUGR-S in these variables. Specific oxygenation values were different in IUGR-S compared with AGA; PO 2 values were significantly lower, whereas PCO 2 and Hb values were significantly higher in IUGR-S; moreover, lactate concentrations tended to increase in IUGR-S (Table 2) .
LDL-R and LRP-1.
RT-PCR for LDL-R mRNA resulted in a single product of 322 bp (Fig. 1A) . Transcriptional expression levels in IUGR-M [0.83 Ϯ 0.50 arbitrary units (AU)] were similar to those of the AGA group (0.81 Ϯ 0.82 AU), whereas mRNA levels were lower (P Ͻ 0.05) in IUGR-S (0.19 Ϯ 0.18 AU) than in IUGR-M and AGA (Fig. 1B) by 75%. Western blot analysis of tissue samples identified two LDL-R bands at apparent molecular masses of 160 and 120 kDa. The 120-kDa protein band was more prominent and is in accordance with analyses of immunoprecipitates of the LDL-R from normal fibroblasts, which demonstrate that the receptor is detected first as a precursor of apparent 120 kDa (Fig. 1C) . The precursor is converted to a mature form of apparent 160 kDa (9) . Protein levels were higher in the IUGR-M (2.24 Ϯ 0.67 AU, P Ͻ 0.001) and IUGR-S (1.81 Ϯ 0.54 AU, P Ͻ 0.05) groups than in the AGA group (1.05 Ϯ 0.47) (Fig. 1D) . No significant relationship was observed between LDL-R expression and gestational age (data not shown). Individual data were normalized to both L30 mRNA and to an internal control included on each blot. B: the median value (horizontal line) in the box plot of intrauterine growth restriction IUGR-S (n ϭ 9) is decreased vs. IUGR-M (n ϭ 5) and appropriate for gestational age (AGA; n ϭ 11). C: Western blot analysis of tissue samples identified 2 LDL-R bands with apparent molecular masses of 160 (mature form) and 120 kDa (precursor), with the 120-kDa protein being more prominent. D: mean LDL-R expression (horizontal line) was significantly increased in IUGR-M and IUGR-S compared with the AGA group. Individual data were normalized to ␤-actin and to the internal control in each blot.
RT-PCR for LRP-1 resulted in a single product of correct size at 269 bp ( Fig. 2A) . Similar mRNA levels were found in both IUGR-M (1.28 Ϯ 0.24 AU) and IUGR-S (1.10 Ϯ 0.14 AU) compared with the AGA group (1.39 Ϯ 0.26 AU) (Fig.  2B) . Moreover, a considerable variability on transcriptional levels was observed in the AGA group. Unaltered placental LRP-1 mRNA in the various groups was paralleled at the protein level (Fig. 2C) . LRP-1 protein expression in the AGA, IUGR-M, and IUGR-S groups was 0.73 Ϯ 0.12, 0.72 Ϯ 0.20, and 0.65 Ϯ 0.21, respectively (Fig. 2D) . No significant relationship was observed between LRP-1 expression and gestational age (data not shown).
SR-BI. SR-BI mRNA was detected by RT-PCR in tissue
samples of all groups with a product of 231 bp in length (Fig.  3A) . No quantitative differences were found between the IUGR-M (0.86 Ϯ 0.12) and IUGR-S (0.81 Ϯ 0.16) compared with AGA group (0.94 Ϯ 0.35) (Fig. 3B) . The antibody used to probe Western blot experiments revealed an 82-kDa SR-BI band in placentas, in agreement with published values for isolated trophoblasts (38) and other tissues (27) (Fig. 3C) . Expression levels in IUGR-M (0.79 Ϯ 0.25 AU) resembled those of the AGA group (0.94 Ϯ 0.40 AU), but those of IUGR-S (0.53 Ϯ 0.20 AU) were lower (P Ͻ 0.05) than in IUGR-M and AGA by about 50% (Fig. 3D) . The expression (Fig. 4) . Rf values in the umbilical cord of this sample collection did not differ among the groups.
Maternal plasma concentrations of LDL-C were highest in the AGA group (188.5 Ϯ 23.6 mg/dl) compared with the IUGR-S group (154.2 Ϯ 26.1 mg/dl) (P ϭ 0.049) and the IUGR-M group (176.6 Ϯ 19.1 mg/dl). No difference could be observed in the arterial and venous cord plasma either for the separate or for the combined (arterial: 48.4 Ϯ 7.1 mg/dl; venous: 43.4 Ϯ 5.3 mg/dl) study groups. When the maternal plasma concentrations of all three populations were considered together, the only significant correlation was found between ␤-Rf values and LDL-C (r ϭ Ϫ0.58, P ϭ 0.0039), which indicates changes in the lipid-to-protein ratio in LDL particles on the maternal side.
The maternal Rf values of the ␣-bands in both IUGR groups (IUGR-M 1.03 Ϯ 0.06 and IUGR-S 1.03 Ϯ 0.04) were similar to those of the AGA group (1.03 Ϯ 0.05; Fig. 4 ). Electrophoresis of cord blood samples showed similar Rf values for the ␣-and ␤-bands in both IUGR groups and no difference in the maternal and cord blood values of the AGA group (data not shown). HDL-C concentrations in maternal (AGA ϩ IUGR groups: 56.0 Ϯ 3.8 mg/dl) as well as fetal (AGA ϩ IUGR groups: 24.3 Ϯ 3.3 mg/dl) plasma did not differ between the groups (data not shown).
DISCUSSION
The presence of lipoprotein receptors in the placenta indicates the potential for fetal tissues to take up cholesterol from maternal lipoproteins. The present study demonstrates an altered expression of distinct lipoprotein receptors in IUGR compared with AGA placentas. In particular, this was found for LDL-R and SR-BI, two key receptors for the placental uptake of cholesterol from maternal LDL and/or HDL. Changes in lipoprotein receptors are not a general phenomenon associated with IUGR, since LRP-1 expression levels are not affected in the same IUGR patients. Because of a reciprocal relationship in LDL-R and LRP-1 levels (11), LRP-1 was included in the study to identify any compensatory changes for the alterations in LDL-R. However, absence of the predicted changes suggests that the mechanism resulting in the reciprocal changes in LDL-R and LRP-1 is not operative in the IUGR placenta.
Contrary to our findings, increased LDL-R mRNA levels have previously been reported in IUGR compared with AGA term and preterm placentas (35) . Different criteria in selecting the study populations may account for these differences. In both studies IUGR was diagnosed in utero by biometric ultrasound, but the full range of IUGR severity as reflected by hemodynamic changes in the umbilical circulation was included only in the present study. These different findings underline the influence of the severity and stage of the IUGR condition. To our knowledge, this is the first study investigating differences in the expression of placental receptors between AGA and IUGR pregnancies classified on the basis of IUGR severity. A further difference in study design was the analysis of placental tissue obtained exclusively from elective caesarean sections, which in terms of gene expression may be more representative of the condition of the placenta during pregnancy than samples taken at the end of pregnancy after vaginal delivery, which is associated with higher fetal distress. It is pertinent that fetal cord blood lipids in uncomplicated pregnancies were significantly affected by mode of delivery (28, 45) , which may have marked effects on placental function.
The discordant changes in LDL-R mRNA and protein conform to the complex mode of regulation of LDL-R protein at the level of synthesis, posttranslational processing, and degradation and may suggest a concomitant downregulation of PCSK9. This proteinase is critical for the degradation and, hence, turnover of LDL-R protein (3) .
In contrast to LDL-R, SR-BI protein levels were profoundly reduced in the severe IUGR group (Fig. 3) . One potential bias of our study is that IUGR pregnancies were delivered at an earlier gestational age than controls, because it is very rare to obtain placental samples from normal pregnancies delivered preterm for indications other than fetal. However, we did not observe any relationship between translational levels of LDL-R and SR-BI and gestational age. Moreover, inferences can be made from developmental changes in SR-BI protein expression levels, which decrease with gestational age (38) . This would predict higher levels in earlier periods compared with the end of gestation. Therefore, it appears unlikely that the gestational age differences account for the differences in SR-BI expression levels. Similar inferences cannot be made for LDL-R because of conflicting studies reporting an increased (18) , decreased (43) , or unchanged (35) LDL-R expression on transcriptional as well as translational levels during gestation.
Not only are the receptor protein expression levels different in IUGR, but the composition and concentration of some maternal lipoproteins also differ. Several techniques have been employed to separate the plasma lipoproteins, including ultra- showed typical ␣-and ␤-migrating LDL and HDL, respectively. In the IUGR-M group, the ␤-fraction showed a slightly higher migrating LDL than native control LDL, whereas no differences in the ␣-migrating fraction were found. In the IUGR-S group, the ␤-lipoprotein mobility was increased compared with native control LDL, but no differences could be observed in the ␣-fraction. Two representative experiments with 1 plasma of each group. B: Rf values (mean ϭ horizontal line) of maternal LDL and HDL in the various groups calculated as the distance ratios of LDL or HDL bands, respectively, to control lipoprotein band. centrifugation and electrophoresis. Electrophoretic mobility on agarose gels of small amounts of maternal and fetal plasma can be used as a proxy measure for the lipid-to-protein ratio in lipoproteins (32) . An increase in the Rf values of the ␤-spots reflecting their electrophoretic mobility was positively correlated with the severity of IUGR. The unchanged Rf values of the particles in the arterial and venous cord plasma were in line with their comparable concentrations of LDL-and HDL-C. This finding of absent or only small umbilical venous-arterial differences in cholesterol concentrations varies from other studies (33) and may reflect too small subject collectives.
The electrophoretic mobility of the ␤-lipoproteins, which are mainly LDL particles, depends on particle size, electric charge, density, and chemical composition (17) and may be modified by diet (2) and altered in pathological conditions such as atherosclerosis (34) , diabetes (44) , or hypercholesterolemia (37) . Plasma apolipoprotein (26) , lipoprotein, and fatty acid concentrations between normal and IUGR pregnancies (6, 28) differ in maternal sera, and this may lead to the changes in lipoprotein composition. In IUGR, LDL particles were significantly enriched in cholesteryl ester and depleted in free cholesterol (30) . These observations are in line with an increase in the Rf values of the ␤-spots in association with a significant decrease in LDL-C concentrations found here. This reflects a modified composition in the hydrophobic core of the LDL particle. In the present study, we have confirmed decreased cholesterol levels in fetal compared with maternal blood (28) and significantly lower LDL-C concentrations in IUGR (30) . The changes are specific for LDL since, in contrast, Rf values of HDL particles and maternal as well as fetal HDL-C were unaltered. Therefore, maternal LDL appears to be more susceptible than HDL to influences by the IUGR pathology.
The physiological consequences of the regulation of receptors for placental function and fetal development are unclear. A yet undefined proportion of cholesterol taken up by the placenta may be released into the fetal circulation. The remaining placental cholesterol, however, is used for sterol synthesis, foremost of progesterone (13, 39) . Provided that cholesterol taken up by LDL-R and SR-BI contribute to the same intracellular cholesterol pool, the LDL-R upregulation may represent a mechanism to compensate for the reduced cholesterol uptake mediated by SR-BI. However, this may be insufficient, since IUGR in general is accompanied by reduced maternal progesterone concentrations (29) .
An association of placental receptor expression levels with fetal or placental weight could not be observed here; however, in IUGR, abnormal lipoprotein metabolism may be a factor underlying poor fetal growth (26) . Maternal LDL levels, i.e., both LDL protein and cholesterol, which normally increase by ϳ60% during uncomplicated pregnancies (10), fail to rise appropriately in pregnancies complicated by IUGR. As a result, despite increased translational levels of the receptor in the placenta, cholesterol provision for steroid synthesis and supply to the fetus may be insufficient (30) .
In conclusion, this study provides evidence for specific changes in receptors involved in placental uptake of maternal cholesterol-rich lipoproteins. These differences are evident in IUGR associated with changes in the fetal circulation, suggestive of placental failure (21) . The differential changes in LDL-R and SR-BI in IUGR warrant further investigation into placental lipid uptake and sequestration in healthy and pathological pregnancy.
